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2005; Martignon et al., 2006]. The aim of the caries infil-
tration technique is to allow penetration of a low-viscos-
ity resin into the porous lesion body of enamel caries 
[Meyer-Lueckel and Paris, 2008; Paris et al., 2010; Paris 
and Meyer-Lueckel, 2010]. Hereby diffusion pathways for 
cariogenic acids are blocked and lesions are sealed inside 
and not on their surfaces, which facilitates clinical appli-
cation especially in the proximal space [Phark et al., 
2009], since no temporary tooth separation [Pitts and 
Longbottom, 1987] is required.
 The efficacy of caries infiltration after up to 3 years 
follow-up has so far been reported in three studies using 
a split-mouth design. In young children with moderate to 
high caries risk, 23% of infiltrated lesions in primary mo-
lars showed progression, whereas 62% of the control le-
sions progressed radiographically within 1 year. On both 
test and control lesions fluoride varnish had been applied 
at baseline and after 6 months [Ekstrand et al., 2010]. Re-
cently, 3-year follow-up progression rates of 32% (test) 
and 70% (control) were reported [Martignon et al., 2012]. 
The first evaluation after 18 month of the present study 
population revealed progression of 7% and 37% of the test 
and control lesions, respectively [Paris et al., 2010].
 The aim of the present study was to assess the efficacy 
of resin infiltration of proximal caries lesions for this 
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 Abstract 
 We report the 3-year efficacy of resin infiltration (Icon, pre-
product; DMG, Hamburg) to arrest progression of proximal 
non-cavitated caries lesions as compared with placebo treat-
ment. In 22 young adults, 29 lesion pairs with radiographic 
extensions into the inner half of enamel up to the outer third 
of dentin were included (split-mouth design). All subjects re-
ceived risk-related instructions for diet, flossing and fluorida-
tion. No unwanted effects could be observed. Radiographi-
cally 1/26 test lesions (4%) and 11/26 control lesions (42%) 
had progressed (p = 0.002, McNemar). After 3-year follow-
up, infiltration of proximal caries lesions can be said to be 
efficacious to reduce lesion progression. 
 Copyright © 2012 S. Karger AG, Basel 
 For occlusal surfaces, caries sealing may fill the ‘gap’ 
between non-invasive and invasive (restorative) treat-
ment options [Griffin et al., 2008]. This sealing concept 
has been adopted to proximal caries lesions [Gomez et al., 
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population after 3 years. It was hypothesized that the ra-
diographic lesion progression of infiltrated proximal le-
sions would be significantly reduced compared with non-
infiltrated control lesions.
 Materials and Methods 
 The study design was a split-mouth placebo-controlled ran-
domized clinical trial. Ethical approval was given by the local
institutional board at Charité – Universitätsmedizin Berlin 
(EA4/053/07). The methodology has been thoroughly described 
in conjunction with the 18-month efficacy data presented previ-
ously [Paris et al., 2010]. Therefore, we only repeat the most im-
portant methodological aspects within the current publication.
 After screening (visual-tactile caries assessment) for general el-
igibility, a pair of standardized conventional bitewing radiographs 
was taken using individualized holders in order to allow reproduc-
ible alignment of the holder. From 61 screened subjects, 22 patients 
met the inclusion criteria and gave informed consent. For each pa-
tient one (15 patients) or two pairs (7 patients) of non-cavitated 
proximal caries lesions (as assessed with a thin probe without prior 
tooth separation) with the radiographic extensions from the inner 
half of enamel (E2) up to the outer third of dentin (D1) were se-
lected [Hintze et al., 1999]. Either one caries lesion of each pair was 
allocated randomly to the infiltration or to the placebo group, re-
spectively. Papilla bleeding was assessed and lesion surface charac-
teristics were recorded. Caries risk of included patients was as-
sessed using the Cariogram software [Bratthall and Hansel Peter-
sson, 2005]. In contrast to baseline evaluation for the 3-year caries 
risk evaluation, no salivary tests were performed (i.e. mutans strep-
tococci count, buffer capacity and stimulated flow rate).
 Infiltration (test) and placebo treatment (control) was per-
formed by H.M.L. as described previously [Paris et al., 2010], pa-
tients being blinded to lesion allocation throughout the whole 
study period as a placebo treatment was performed on the control 
lesions, i.e. acid and infiltrant were not applied, but the control 
area was manipulated in a similar way and length as for the infil-
tration procedure of the test lesion. Patients were instructed to 
floss all proximal areas at least twice a week and to regularly use 
fluoride toothpaste. According to individual caries risk, addition-
al fluorides sources were recommended. General oral hygiene ed-
ucation and dietary advice was given as well. A card was handed 
to patients to inform external dentists about the participation in 
the study and about identification of selected teeth. 
 After 18 months [Paris et al., 2010] and 36 months (this paper), 
follow-up examinations were performed by one clinical investiga-
tor (K.B.), who was blinded with regard to treatment allocation of 
teeth. Patients were interviewed for possible unwanted effects. 
The primary endpoint was lesion progression as assessed by digi-
tal subtraction radiography (DSR). Secondary endpoint was le-
sion progression by pairwise comparison (PW) of the X-rays. If 
lesions had progressed radiographically up to D2 or D3 stage, they 
were referred to restorative treatment. Standardized bitewing ra-
diographs were obtained using individualized holders and as-
sessed by two examiners (S.P. and K.B., both blinded for treatment 
allocation of teeth) as described previously. In case of differing 
interpretation between the examiners a consensus rank was 
agreed on.
 Sample size calculation as well as ’almost perfect’ inter- and 
intrarater reliability (kappa values) had been reported for DSR in 
the 18-month evaluation [Paris et al., 2010]. Differences in num-
ber of progressing lesions as between test and control as assessed 
by PW and DSR were analyzed using the McNemar test. As a sen-
sitivity analysis in order to address the choice of two lesion pairs 
within one subject we randomly excluded seven lesion pairs in the 
respective patients.
 Results 
 The mean (SD) chance of avoiding new caries lesions 
[chance to avoid new caries = 1 – caries risk = 54% (15%)] 
was similar to baseline [60% (22%)]. Patients showed low-
er mean plaque index [28% (11%)] compared with base-
line [38% (21%)] and reported to have followed recom-
mendations regarding fluoridation. Patients did not re-
port any complaint or unwanted effects. Also clinically 
no unwanted effects could be observed. 
 After 3 years (September 2010), 19 out of 22 participants 
having 25/29 lesion pairs were followed up clinically and 
radiographically. Additionally one patient having two le-
sion pairs could be followed up after 4.3 years. One patient 
with one lesion pair was not available for the present follow-
up. One patient with one lesion pair had dropped out of the 
analyses at the 18-month follow-up. For one patient with 
initially two lesion pairs, one lesion pair dropped out of the 
analysis because both the control and the test lesion had 
been restored by another dentist during the last 18 months, 
since the control lesion had shown signs of irreversible pul-
pitis (pain on cold stimuli) as reported by the patient. Both 
lesions did not show progression at the 18-month follow-
up; the second lesion pair did not progress after 3 years. 
After 18 months, in one patient with one lesion pair both 
test and control lesions had progressed and been referred 
to restorative treatment. Thus, in total 26/29 lesion pairs in 
20/22 patients were included for radiographic evaluation 
after 3 years. One control lesion was referred to restorative 
treatment, since it had progressed radiographically into the 
middle third of dentin. Results of reading lesion stage from 
bitewing radiographs are given in  figure 1 .
 PW of radiographs revealed that 1/26 test lesions (4%) 
and 9/26 control lesions (35%) had progressed (p = 0.008, 
McNemar). With DSR 1/26 lesions (4%) had progressed 
in the test group compared with 11/26 lesions (42%) in the 
control group (p = 0.002, McNemar) ( fig. 2 ). In addition 
to the described changes of (radiographic) stages, we ob-
served 2 and 4 lesions progressing (DSR evaluation) with-
in the radiographic scores E2 and D1, respectively. The 
relative risk (95% CI) for progression (DSR) for the con-
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trol compared with the test group was 11.0 (1.8–231). 
When including the lesion pair that showed progression 
of the test lesion and restoration of the control lesion (de-
cision by another dentist), the relative risk was calculated 
at 6.0 (1.5–38). No change from a higher radiographic 
stage at 18 months to a lower score at 36 months could be 
observed. Sensitivity analysis (exclusion of double lesion 
pairs in 7 patients) yielded p values of 0.031 and 0.008 for 
PW and DSR evaluation, respectively. Here, the number 
of progressing infiltrated lesions was 1/20 (both meth-
ods) as well as 7/20 (PW) and 9/20 (DSR) of the control 
lesions in the 20 individuals evaluated.
 Discussion 
 It needs to be stressed that we did not use the clinical 
product (Icon; DMG, Hamburg) since it was not available 
when the study was initiated. Nonetheless, as discussed 
previously [Paris et al., 2010], compared to the commer-
cial product only the applicator was different, which is 
considered to be of subordinate importance. Moreover, a 
longer application time of the infiltrant of 5 min was cho-
sen compared with the recommendations given in the 
product instructions. This should not have influenced 
the efficacy of the infiltration technique considerably, 
since similar penetration depths [Meyer-Lueckel et al., 
2011] and inhibition of caries progression (unpublished 
results) could be observed in vitro when using a shorter 
application time of 3 min. The evaluation of primary and 
secondary outcomes was performed analogous to our 
previous study to which we refer for the discussion of 
methodological radiographic issues. Concerning the sta-
tistical analyses one might argue that although carious 
progression between various locations in a mouth is 
strongly correlated and thus statistically dependent, the 
occurrence of a discordant pair is far less likely to be cor-
related within patients. Thus, although the analysis of all 
26 pairs in 20 patients violates statistical independence of 
all analyzed pairs, we assume this as a minor statistical 
problem, which is corroborated by the sensitivity analysis 
(random choice of 20 pairs in 20 patients) showing simi-
lar risk estimates as the primary analysis including all 26 
pairs evaluated.
 The population studied (mean baseline DMFT at age 
25 = 6.7) was supposed to be representative for other 
countries with developed market economies [Holst and 
Schuller, 2000; Mejare et al., 2004]. As indicated by the 
averaged medium caries risk some caries incidence was 
expected, which could be confirmed after 3 years (mean 




























 Fig. 1. Change of radiographic lesion stag-
es from baseline (here only E2 and D1 eli-
gible) to follow-up at 3 years. Radiograph-






































 Fig. 2. Percentages of caries lesions progressing after 18 months 
[Paris et al., 2010] and 36 months that were either infiltrated (test) 
or not (control) evaluated by DSR (error bars = 95% Clopper-Pear-
son intervals; p values as calculated by the McNemar test). The 
stratified data according to baseline radiographic extension re-
veal a higher percentage of progressing control lesions for D1 
compared with E2. n/a = Not assessed. 
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showed radiological progression into the middle third of 
dentin indicating a need for restoration. This supports 
the philosophy of late invasive intervention, although
the progressions observed from E2 to D1 and within D1 
should also be noticed. Obviously, even in this rather low 
to medium caries risk group a high proportion of caries 
lesions progressed at least slightly, although it can be 
speculated that adherence to oral hygiene regimes should 
have been above the average of the German population as 
assessed by the caries risk parameters. Most interestingly, 
caries incidence after 18 and 36 months was very similar, 
which supports that caries is mainly observable in a small 
proportion of a young adult population [Mejare et al., 
2004].
 In the aforementioned study in young children with 
higher caries risk (12 months follow-up), the efficacy of 
resin infiltration in deciduous molars was not as high as 
in the present study [Ekstrand et al., 2010]. Besides the 
reported higher caries risk several other facts might have 
contributed to this result. First, a larger proportion of D1 
lesions had been included in the study on children (60%) 
compared with our investigation (44%). This also holds 
true for the study on infiltration with 3-year follow-up 
(62%), which may partially explain the overall higher pro-
gression rates and the comparatively lower efficacy of the 
infiltration technique [Martignon et al., 2012]. Although 
in all three studies operators aimed at choosing non-cav-
itated caries lesions only, the probability of including (mi-
cro-)cavitated lesions increases with higher proportions 
of deeper lesions [Pitts and Rimmer, 1992; Hintze et al., 
1998]. These will show incomplete infiltration of the cav-
itated areas [Paris et al., 2011] and in turn be more likely 
to progress compared with non-cavitated ones having 
similar radiographic extension. Moreover, in the study on 
deciduous teeth, no individualized bitewing plates were 
used [Ekstrand et al., 2010], which bears the risk of high-
er numbers of caries lesions being false-positively judged 
as progressive. This would have resulted in higher pro-
portions of progression in both test and control lesions, 
but would also have shifted the relative risk reduction in 
favor for the control lesions. Additionally, caries progres-
sion rate in deciduous molars is supposed to be higher 
compared to the rates in premolars and molars in young 
adults [Shwartz et al., 1984; Hintze et al., 1999; Mejare et 
al., 2004], which might have lowered the efficacy of caries 
infiltration as well.
 The current results corroborate that caries infiltration 
is an efficacious method to hamper progression of non-
cavitated proximal lesions extending radiographically 
into the inner half of enamel up to the outer third of den-
tin after a period of 3 years. Therefore, this treatment 
seems to fill the ‘treatment gap’ between non-invasive 
and invasive interventions for proximal caries lesions.
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